The vertical growth responses of corn seedlings (Zea mays L. Mol7 x B73) were determined over an 8-hour period. When seedlings were decapitated 3 millimeters from the coleoptile's tip and supplied with indole-3-acetic acid (IAA) in 1.5% agar blocks, the response was dependent both on time and IAA concentration. The dose-response curves changed in shape and magnitude depending on the total time of IAA application. High concentrations (>3.2 x 10 6 molar) initially produced high relative growth rates that decreased back to the intact rate (0.03 millimeter per hour per millimeter) after 3 hours. Low concentrations (<1.0 x 10' molar), or agar blocks without IAA, resulted in a rapid decrease from the intact rate to a level that stabilized at 0.01 millimeter per hour per millimeter until the growth rate began to recover after 3 to 4 hours. Intermediate concentrations produced responses similar to that of the intact organ, though some features of these responses were unique.
The Cholodny-Went theory ofgravitropic responses, as applied to plant shoots, suggests that the plant growth regulator IAA is transported laterally from the upper to the lower side of a gravitropically stimulated plant. This lateral movement is believed to cause a decrease in concentration on the upper side, resulting in a decreased growth rate. On the lower side, the concentration increases, thus stimulating growth. Recent criticism of this theory focuses on the controlling role of IAA (3, 6, 13) . Although it has been demonstrated that lateral transport of IAA does occur in corn coleoptiles (8, 11) , the magnitude of this transport has been suggested to be inadequate to stimulate growth to the extent that is observed on the lower side (3, 6) .
Much of the criticism is based on dose-response curves obtained with Avena coleoptiles. Recent re-evaluation ofsuch doseresponse curves has shown that the curves are sigmoidal with maximum growth rate over the range of 3 .0 x I07 to 1.0 x I03 M IAA (2) . Similar results were obtained for corn coleoptile ' This research was supported in part by a grant from Sigma Xi. segments; however, the range of IAA concentrations that stimulated growth was much narrower, 1.0 to 3.0 x 10-7 M.
In most dose-response determinations, little attention has been given to relating observed growth rates to the growth rate of an intact part under the same conditions. Recent investigations of the SGR2 by Evans et al. (4, 5) and Vesper and Evans (12) have shown that coleoptile tissue can adapt to low levels of IAA. Prior to their work, it was generally believed that the SGR was a manifestation of the regeneration of the physiological tip, which resumed production of IAA and thus restored the growth rate. They concluded, on the contrary, that the SGR was not due entirely to a restored synthesis of IAA, but to an increase in tissue sensitivity to the IAA present. This conclusion is supported by the work of lino and Carr (9) , who have shown that the production of IAA Figure IC illustrates what might be considered a typical SGR (5) . There was a rapid decrease in growth rate that stabilized at about 0.01 mm h-' mm-' for 1.5 h, after which there was a gradual recovery that exceeded the intact rate (compare with in which the tissue becomes 'desensitized' to IAA. This observation coupled with the oscillations in growth rate after the adaptation period (3 h) seem to indicate a complex interaction between IAA and the tissue, regulated by a feedback mechanism. All concentrations, except two, gave oscillatory patterns that were similar in timing though different in amplitude. These were most pronounced at 1.0 and 3.2 x 10-6 M IAA. The two exceptions were 0.0 and 1.0 x 108 M IAA, which seemed to be more damped than the others or had periods too prolonged to be detected in 8 h.
The differences between the initial responses obtained with different levels of IAA occurs as a result of an interaction of added IAA with the normal SGR. Addition of low (Fig. IC) to intermediate (Fig. 1 B) To determine if increases in tissue sensitivity to IAA could be occurring at low IAA concentrations, experiments were conducted in which either 0.0 or 1.0 x 10-8 M IAA was supplied for 4 h. At the end of this period, blocks containing 3.2 x 1i-0 M IAA were added and the growth responses were determined. Figure 2 illustrates the response of tissues preconditioned with 0.0 and 1.0 x 10-8 M concentrations. The increased growth rate after addition of the higher IAA concentration reached a maximum above that observed when the same concentration was added imediately after decapitation (Figs. IA and 2A) that the sequence ofevents in the growth-regulating process could be subject to a feedback mechanism to regulate growth of the tissue.
Gravitational Curvature of Decapitated Coleoptiles. As already discussed, the dose response of decapitated seedlings varied with time. However, two of the concentrations tested in this study (Fig. 1 B) most closely approached and bracket the intact growth rate. For this reason, concentrations of 1.0 and 3.2 x o0-6 M were selected for use in the gravitational experiments. These experiments were conducted for a maximum of 5 h with gravitational stimulation beginning immediately after decapitation. Figure 4A shows curvature as a function of time for intact coleoptiles and coleoptiles decapitated and supplied with agar blocks containing no IAA. The intact coleoptile response was a relatively linear increase for the first 3 h of gravitational stimulation, after which the curvature decreased for 2 h. This increase and decrease in curvature reflect the autotropic response documented most recently by Firn and Digby (6) . As growth rate on the upper side begins to increase, the curvature decreases in rate and eventually stops resulting in a straightening ofthe coleoptile. The timing ofthe autotropic response (Fig. 4A ) agrees reasonably well with that reported by Firn and Digby.
Of most importance is a comparison of the responses of intact coleoptiles with those of decapitated coleoptiles supplied with 0.0, 1.0, and 3.2 x 10-6 M IAA concentrations (Fig. 4) . When no IAA was supplied in the agar blocks placed on decapitated coleoptiles, virtually no curvature was observed for the first 3 h (Fig. 4A) . After this initial period, curvature began but remained at a rate approximately one-half that of the intact coleoptiles. In contrast, coleoptiles supplied with IAA (Fig. 4B) (Fig. IC) , and by Evans et al. (5) . In terms ofthe observed gravitropic response ofdecapitated coleoptiles, the lack of complete recovery after the adaptation period (3 h) suggests a complex interaction of the tissue, IAA, and the transverse differential in growth resulting from gravity stimulation.
Though no concentration exactly mimicked the intact growth response, concentrations of 1.0 and 3.2 x 106 M were found to be reasonably close. When decapitated coleoptiles were supplied with these concentrations and given a gravitational stimulation, the curvature response was restored to at least one-third that of intact coleoptiles. However, timing of the initiation of curvature was the same as that shown by intact coleoptiles. If one assumes that the change in growth rate observed on the upper and lower sides of a gravitropically stimulated coleoptile is due to the lateral movement of IAA, then the autotropic response may be due to the adaptations described. The rapid movement of IAA away from the upper epidermal cells may account for the rapid decrease in growth rate there. This decrease in auxin level may initiate a time-dependent adaptation resulting in an increased sensitivity to auxin. When the adaptation process is fully realized after 3 to 4 h, the growth rate on the upper side will begin to increase, serving to initiate the autotropic response. These events on the upper side are paralleled by a desensitization of the tissue on the lower side, accounting for the observed reduction in growth rate that also contributes to the autotropic response. The timing of the adaptations corresponds well with the timing of events of the autotropic response (6) and suggests a role in this response.
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